Recently maternal mortality depending on the obstetric causes declined but in contrast, there is a relative increase in the maternal mortality and morbidity rate due to nonobstetric causes. Neurologic pathologies are among the leading causes of these nonobstetric ones. Over the past few decades maternal mortality has progressively declined because of improved management of the major obstetric problems of hemorrhage, infection, and toxemia. As a result, the relative incidence of deaths resulting from non obstetric causes has increased. Chief among nonobstetric causes are neurologic disorders. Those most common during pregnancy are low back pain, intracranial tumors, subarachnoid hemorrhage, and neurotrauma. The management of the neurosurgical pathologies during pregnancy needs some specifications for both the mother and the fetus. Methods: We performed a retrospective study evaluating the clinical, radiological, and surgical characteristics of 9 patients who have cranial neuropathologies and have undergone neurosurgical intervention. Results: Most of the patients in this study had vaginal delivery. Prominent neurosurgical disease related to cerebral damage. Every patient underwent a laboratory and radiological evaluation. All except one survived the neurosurgical pathology. Neither baby nor mother had significant problem during delivery and neurosurgical intervention. Conclusion: Pregnant women may face to every kind of neurosurgical pathology that nonpregnant women have faced. In addition, pregnancy itself, gives rise some metabolic changes in the women and those changes may cause some neurologic pathologies to be symptomatic or to aggravate the present symptomatology. Because of those reasons, close neurologic follow up of a pregnant woman is of vital importance. At the end of a pregnancy having experienced some neurologic interventions including diagnostic evaluation or surgical intervention does not necessitates the cesarean section for a neurologically intact infant and mother.
INTRODUCTION
and progesterone by the thropoblast in anticipation of the fetal needs 1 . Subarachnoid hemorrhage has been reported to occur in 5 to 12 % of maternal deaths 2 . Primary and metastatic tumors of the central nervous system has been reported to occur less in childbearing ages, but their course may be aggravated by pregnancy and surgery may be necessary for delivery of a viable infant. In the English literature neurosurgical handling of pregnant patients has not been evaluated very well. Some case reports and reviews in French have been published and most of them are in the Obstetric and Gynecology Journals [3] [4] [5] [6] [7] .
METHODS
Nine women admitted and operated on in our Neurosurgery Clinic with the diagnosis of different neurosurgical pathologies during their pregnancy period in between the years of 1992 and 2001 Their files have been evaluated retrospectively for the ages, the time of gestation, signs and symptoms specific to neurosurgical pathologies, diagnostic tools, treatment modality and the outcome of the baby and the mother. Outcomes were evaluated at the time of discharge. If both the baby and the mother have had no neurologic findings it was accepted as good outcome.
In between 1992 and 2001 nine patients were admitted with neurosurgical problems during the course of their pregnancies. None of the patients had any neurologic complaint before pregnancy. Three patients have had diagnosis of subarachnoid hemorrhage. One, due to arteriovenous malformation, two due to aneurysm. One patient diagnosed as intracerebral hemorrhage secondary to a hypertensive attack. Two patients were diagnosed as pituitary apoplexy and another patient was diagnosed as lymphocytic hypophysitis. Two patients admitted with the diagnosis of cerebral contusion caused by traffic accident. One of them gave a healthy baby in the emergency room through vaginal delivery. Mother was treated conservatively. Other one underwent cesarean section. All patients except trauma patients, underwent surgical intervention under general anesthesia. Induction was performed via propofol and maintanance was performed via isofluorane. Following intravenous induction fentanyl was injected to all patients. Data about the patients is summarized in table 1. 
RESULTS
Most of the patients in this study had vaginal delivery. Prominent neurosurgical disease related to cerebral damage. Every patient underwent a laboratory and radiological evaluation. All except one survived the neurosurgical pathology. Neither baby nor mother had significant problem during delivery and neurosurgical intervention.
DISCUSSION
Although neurosurgical problems such as tumors, vascular pathologies, and spinal disorders have been evaluated widely in the literature, those problems occurring in the pregnant women have been poorly discussed. To date in the literature primarily vascular pathologies have been focused to discuss and they are mostly in the Obstetrics and Gynecology or Anesthesio-logy Journals Neurosurgical aspects of the pathologies were discussed less 6-11 . 5-10 % of the maternal deaths are accused of to occur due to the intracranial vascular pathologies 2 . But in the pregnant women not only vascular pathologies took place but some other neurosurgical problems such as, pituitary adenoma, spinal pathologies as like herniated discs, intracranial tumors, trauma and peripheral nerve diseases may also occur [3] [4] [5] 12 . In a pregnant woman some physiologic and metabolic changes take place from the beginning of the conception to the delivery. Some of which are blood pressure and volume changes, body weight, posture and gait changes. During pregnancy the plasma volume increases from 6 th week to reach a maximum of approximately 3600 ml by the 32-34 th weeks. The cardiac output increases by 20% during the first trimester and remains same till the term. Those changes are mostly caused by a raise in estrogen and progesterone hormones during the period of pregnancy 1 . Those physiologic and anatomic changes such as weight gain, posture and gait changes causes either development of new neurosurgical pathologies or aggravation of the symptoms and signs of the present illnesses in a pregnant woman. Eventhough some authors have mentioned that there was no difference between the hemorrhage rates of vascular intracranial pathologies in the pregnant and nonpregnant women 13 , some neurological pathologies may start or may cause signs and symptoms in period of pregnancy 1, 11, 14, 15 . Some previous literature reported that the incidence of saccular aneurysm have increased during the 30 th to 40 th gestational week, whereas the incidence of AVM rupture increases during the second trimester shortly before labor, during delivery, and in the early puerperium 16 . Physiologic factors that may contribute to rupture during gestation include the cardiovascular stresses of increased cardiac output and increased blood volume and hormonal changes that affect the connective tissue integrity of vessel walls 17 . Sharsar et al. reported that cerebral hemorrhage risk may increase in the pregnancy and eclampsia is the main cause of both hemorrhagic and nonhemorrhagic stroke and cerebral hemorrhage 15. They also stated that eclampsia associated intraparenchymal hemorrhage carries a poor prognosis. Some pituitary adenomas, craniopharyngiomas and lymphocytic hypophysitis cases were also reported to occur or increase in size during the pregnancy 4-11.
As Lin et al. and Kasarkis et al. reported some occult lesions may cause problems during the course of pregnancy 14, 18 . Pregnancy may cause a pretreated neurosurgical problem to aggravate and a new intervention may be needed 9, 12 . In recent years some reports have been published about the hormone receptors on intracranial tumors especially the meningiomas. Pregnancy may give rise to diagnosis of meningioma through the hormonal changes as described by Goldberg and Rappaport 19 . The main aim of a neurosurgical intervention in a pregnant woman is to preserve the viability of both the mother and the infant. To maintain this aim some precautions must be performed preoperatively. Preoperative and postoperative care of the pregnant woman is not too much different than that of nonpregnant patients and has been widely discussed in the literature. Operative management and anaesthetic specifications of the pregnant patients carries some important aspects. Each pregnant woman should be considered as full stomach regardless fasting period. There is no evidence of teratogenesis of anaesthetic agents except for nitrous oxide which should be avoided during first and second trimester 5, 20 . The particular hazards of anesthesia during pregnancy stem from physiologic changes in the mother and potential adverse effects on the fetus. Hormonal secretions from the corpus luteum and the placenta, and the mechanical effects of the gravid uterus induce major changes in practically every organ system. In a neurosurgical procedure performed on a pregnant woman some specific precautions must be taken to avoid of fetal asphyxia, to avoid teratogenic drugs and to prevent preterm labor. Fetal oxygenation depends on maternal arterial oxygen content and placental blood flow. Although hypotension and hypocarbia are commonly induced during neurosurgery, those techniques may place fetus at risk for intrauterine asphyxia. This can be avoided by maintaining normal maternal PaO 2 , PaCO 2 , and uterine blood flow. The hypoxia that commonly occurs during anesthesia presents no risk to the fetus. Each organ and system during gestation undergoes a critical stage of differentiation during which vulnerability to teratogenesis greatest and specific malformations may occur. In humans the first trimester appears to be the most vulnerable period. Almost all commonly used anaesthetic drugs are known to be teratogenic in some animal species. Hyperbaric oxygenation, hypoxia, and hypercarbia may also be teratogenic in animals. In women anaesthetized for surgery during pregnancy no specific drug was found safer than another and no specific agent was found to be teratogenic. Although the influence of anesthetics on preterm labor is unknown, the likelihood that anesthetics may stimulate preterm labor during a neurosurgical procedure is small. Nevertheless the patients should be monitored intraoperatively and early postoperatively (at least 24-48 hours) for uterine tone, such as adrenergic vasopressors, should be avoided, as should the rapid intravenous administration of anticholinesterase drugs 2, 5, 7, 10, [20] [21] [22] [23] . During neurosurgery, osmotic diuresis, controlled hypotension, hypothermia, and hypocarbia are commonly induced to decline the intracranial pressure (ICP). In the pregnant patients, those may adversely affect the fetus. Temporaray clipping of a vessel may be preferred to reduce intraaneurysmal pressure instead of hypotension. In addition to the monitors used during neurosurgical interventions monitorization of the fetus and uterus should be used if possible. An external Doppler fetal heart rate monitor will be useful. Close observation of maternal blood pressure and promt treatment of hypotension and hypoxia are essential for a well fetus 2, 7, 20 . Postoperative management of pregnant patients after a neurosurgical intervention is not so much different than that of nonpregnant. Extubation should be delayed until the patient is sufficiently awake to protect her airway from regurgitation and aspiration. The patient should be placed in a lateral postion with her head slightly elevated. Fetal heart rate and uterine tone should be monitored at least 24-48 hours.
During delivery of a woman who have an intracranial mass lesion or vascular lesion, prevention of hypertension and increased ICP is crucial. Except 4 of our patients all delivered babies at term through vaginal route and had no problem. Those patients who deliver through cesarean section were as follows: One of them was a SAH due to AVM, the other one was SAH anterior communicating artery aneurysm and the third one was a neurotrauma patient. The last one was intracerebral hemorrhage.
Vaginal delivery is acceptable for patients with increased intracranial pressure. But, the second stage of labor must be shortened and maternal straining with the valsalva maneuver avoided because it raises ICP. To shorten the second stage of labor and maternal straining administration of segmental lumbar epidural or caudal anesthesia and the use of outlet forceps are recommended. When cesarean delivery is required, epidural anesthesia is recommended. Although electice cesarean delivery has been recommended for patients with unruptured AVMs, most authors advocate this procedure only for accepted obstetric and fetal indications. For patients with documented aneurysm or AVM, intracranial tumor cesarean delivery provides no definitive advantage over vaginal delivery in protecting from increased ICP. In some cases if labor supervenes after SAH, a procedure combining cesarean section and neurosurgery may be used 2, 10 . Different neurosurgical pathologies may be observed in pregnancy. Since the pregnancy alters the metabolic and physiologic status of the women some pretreated pathologies may aggravate or new pathologies are not different in the pregnant women than that of nonpregnant, therapeutic interventions, anaesthetic medication, and follow up must aimed to have a well baby and mother. Also, having experienced a neurosurgical intervention in their pregnancy period does not necessitates the delivery to be cesarean section.
CONCLUSION
Pregnant women may face to every kind of neurosurgical pathology that nonpregnant women have faced. In addition, pregnancy itself, gives rise some metabolic changes in the women and those changes may cause some neurologic pathologies to be symptomatic or to aggravate the present symptomatology. Because of those reasons, close neurologic follow up of a pregnant woman is of vital importance. At the end of a pregnancy having experienced some neurologic interventions including diagnostic evaluation or surgical intervention does not necessitates the cesarean section for a neurologically intact infant and mother.
